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(57) ABSTRACT 

A fluorescent light detection device includes: an excitation 
light source; an excitation light fiber, a fluorescent light 
fiber; a detector configured to receive the fluorescent light 
emitted from the fluorescent light fiber; a retention member 
configured to retain the fibers so that an emitting end face of 
the excitation light fiber and an incident end face of the 
fluorescent light fiber are located at close proximity; an 
excitation light selection filter provided in contact with the 
emitting end face; and a fluorescent light selection filter 
provided in contact with the incident end face. The excita 
tion light emitted from the emitting end face irradiates a test 
object via the excitation light selection filter and the fluo 
rescent light produced by the test object is incident on the 
incident end face via the fluorescent light selection filter. 

5 Claims, 8 Drawing Sheets 
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1. 

FLUORESCENT LIGHT DETECTION 
DEVICE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a fluorescent light detec 

tion device configured to irradiate a test object with an 
excitation light and detect a fluorescent light produced by 
the test object. 

2. Description of the Related Art 
A growing number of fluorescent light detection devices 

have been used in the field of life science. A fluorescent light 
detection device is easy-to-use and has high detection sen 
sitivity. A fluorescent light detection device may sometimes 
be used in combination with an amplification step for 
efficient quantitative detection of nucleic acid such as DNA 
labeled by a fluorescent chemical substance. 

For example, patent document 1 discloses a fluorescent 
light analysis optical module provided with an excitation 
light source configured to emit an excitation light having a 
main wavelength w1, a fluorescent light analysis optical 
multiplexer/demultiplexerconfigured to multiplex or demul 
tiplex a fluorescent light having a main wavelength W2 
produced by a sample irradiated with the excitation light via 
a probe; a detector configured to receive the fluorescent light 
transmitted through the fluorescent light analysis multi 
plexer/demultiplexer, a first light guide connecting the exci 
tation light source and the optical multiplexer/demultiplexer, 
a second light guide connecting the probe to the optical 
multiplexer/demultiplexer, and a third light guide connect 
ing the detector and the optical multiplexer/demultiplexer. 
patent document 1 JP2005-30830 
The optical multiplexer/demultiplexer used in the inven 

tion described in cited document 1 is comprised of a first rod 
lens, a filter provided on the surface of the first rod lens, and 
a second rod lens secured to the filter. The optical multi 
plexer/demultiplexer is built by assembling these compo 
nents serially and integrally. An optical multiplexer/demul 
tiplexer of such a configuration tends to require a lot of effort 
and skill for positioning of the components in order to 
achieve highly efficient optical coupling using a rod lens and 
a filter. Therefore, the teachings disclosed in patent docu 
ment 1 leaves room for improvement in terms of the cost. 

SUMMARY OF THE INVENTION 

The present invention addresses the issue discussed above 
and a purpose thereof is to provide an inexpensive fluores 
cent light detection device. 
A fluorescent light detection device comprising: an exci 

tation light source configured to emit excitation light; an 
excitation light fiber provided with an incident end face on 
which the excitation light from the excitation light source is 
incident and an emitting end face from which the excitation 
light is emitted; a fluorescent light fiber provided with an 
incident end face on which fluorescent light is incident and 
an emitting end face from which the fluorescent light is 
emitted; a detector configured to receive the fluorescent light 
emitted from the emitting end face of the fluorescent light 
fiber; a retention member configured to retain the excitation 
light fiber and the fluorescent light fiber so that the emitting 
end face of the excitation light fiber and the incident end face 
of the fluorescent light fiber are located at close proximity; 
an excitation light selection filter provided in contact with 
the emitting end face of the excitation light fiber; and a 
fluorescent light selection filter provided in contact with the 
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2 
incident end face of the fluorescent light fiber. The excitation 
light emitted from the emitting end face of the excitation 
light fiber irradiates a test object via the excitation light 
selection filter and the fluorescent light produced by the test 
object irradiated with the excitation light is incident on the 
incident end face of the fluorescent light fiber via the 
fluorescent light selection filter. 

Each of the excitation light selection filter and the fluo 
rescent light selection filter may be provided with a trans 
parent base and a dielectric multilayer film formed on one of 
the surfaces of the transparent base. The dielectric multilayer 
film of the excitation light selection filter may be provided 
in contact with the emitting end face of the excitation light 
fiber, and the dielectric multilayer film of the fluorescent 
light selection filter may be provided in contact with the 
incident end face of the fluorescent light filter. 

Each of the excitation light selection filter and the fluo 
rescent light selection filter may further be provided with a 
antireflection film formed on the other surface of the trans 
parent base. 
The fluorescent light detection device may further com 

prise a light absorbing light shielding member provided 
between the excitation light selection filter and the fluores 
cent light selection filter. 

Each of the excitation light selection filter and the fluo 
rescent light selection filter may be provided with a trans 
parent base and a diffractive optical element formed on one 
of the surface of the transparent base. The diffractive optical 
element of the excitation light selection filter may be pro 
vided in contact with the emitting end face of the excitation 
light fiber, and the diffractive optical element of the fluo 
rescent light selection filter may be provided in contact with 
the incident end face of the fluorescent light fiber. 
The fluorescent light detection device may further com 

prise an object lens provided to face the excitation light 
selection filter and the fluorescent light selection filter. The 
object lens may be a graded index rod lens. 
The fluorescent light detection device may further com 

prise an excitation light collimating lens provided between 
the object lens and the excitation light selection filter; and a 
fluorescent light collimating lens provided between the 
object lens and the fluorescent light selection filter. The 
excitation light collimating lens and the fluorescent light 
collimating lens may be arranged such that the beam of 
excitation light does not overlap a range in which the 
fluorescent light is receivable. 
The excitation light fiber and/or the fluorescent light fiber 

may be a plastic fiber. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Embodiments will now be described, by way of example 
only, with reference to the accompanying drawings which 
are meant to be exemplary, not limiting, and wherein like 
elements are numbered alike in several Figures, in which: 

FIG. 1 shows a fluorescent light detection device accord 
ing to the embodiment; 

FIGS. 2A and 2B show the structure of the probe; 
FIG. 2A is a sectional view of the probe 30 and FIG. 2B 

is a front view of the probe; 
FIG.3 shows the structure of the excitation light selection 

filter and the fluorescent light selection filter in further 
detail; 

FIG. 4 shows the first exemplary embodiment of the 
present invention; 

FIG. 5 shows measurement results showing the relation 
ship between the concentration of the FITC solution and the 
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detection signal intensity obtained by the fluorescent light 
device according to the first exemplary embodiment; 

FIG. 6 shows measurement results showing the relation 
ship between a distance X from the end face of the probe to 
the Surface of the measurement sample and the detection 
signal intensity obtained by the fluorescent light detection 
device according to the first exemplary embodiment; 

FIG. 7 shows a measurement system that provides the 
relationship shown in FIG. 6; 

FIG. 8 shows the fluorescent light detection device 
according to the second exemplary embodiment of the 
present invention; 

FIG. 9 shows measurement results showing the relation 
ship between a distance X from the end face of the probe and 
the Surface of the measurement sample and the detection 
signal intensity obtained by the fluorescent light detection 
device according to the second exemplary embodiment; 

FIG. 10 shows the third exemplary embodiment of the 
present invention; 

FIG. 11 shows measurement results showing the relation 
ship between the concentration of the FITC solution and the 
detection signal intensity obtained by the fluorescent light 
device according to the third exemplary embodiment; 

FIG. 12 shows measurement results showing the relation 
ship between a distance X from the end face of the probe to 
the Surface of the measurement sample and the detection 
signal intensity obtained by the fluorescent light detection 
device according to the third exemplary embodiment; 

FIG. 13 shows a measurement system by which the 
relationship shown in FIG. 12 is determined: 

FIGS. 14A and 14B show a fluorescent light detection 
device according to the first alternative embodiment of the 
present invention; and 

FIG. 15 shows a fluorescent light detection device accord 
ing to the second alternative embodiment of the present 
invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The invention will now be described by reference to the 
preferred embodiments. This does not intend to limit the 
scope of the present invention, but to exemplify the inven 
tion. 
A description will now be given of a fluorescent light 

detection device according to an embodiment of the present 
invention. 

FIG. 1 shows a fluorescent light detection device 10 
according to the embodiment. The fluorescent light detec 
tion device 10 is configured to irradiate a test object 50 with 
an excitation light and detect the fluorescent light produced 
by the test object 50. 
As shown in FIG. 1, the fluorescent light detection device 

10 is provided with an excitation light source 12 for emitting 
an excitation light, a probe 30 for irradiating the test object 
50 with the excitation light and receiving the fluorescent 
light produced by the test object 50, a detector 14 for 
detecting the fluorescent light, an excitation light fiber 16 for 
propagating the excitation light from the excitation light 
source 12 to the probe 30, and a fluorescent light fiber 18 for 
propagating the fluorescent light from the probe 30 to the 
detector 14. Optionally, an object lens 26 may be provided 
between the probe 30 and the test object 50. For example, 
the object lens 26 may be a graded index rod lens. 

The excitation light source 12 is configured to emit an 
excitation light to irradiate the test object 50. A light 
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4 
emitting diode (LED) or a laser diode (LD) that includes a 
wavelength suitable to excite the test object 50 in an emitted 
light band may be used. 
The detector 14 is configured to detect the fluorescent 

light produced by the test object 50 irradiated with the 
excitation light. A photodiode (PD), an avalanche photo 
diode (APD), or a photomultiplier tube (PMT) having a 
light-receiving band that covers the wavelength of the 
fluorescent light produced by the test object 50 may be used. 
The excitation light fiber 16 is provided with an incident 

end face on which the excitation light from the excitation 
light source 12 is incident and an emitting end face from 
which the excitation light is emitted. An incident end 16a of 
the excitation light fiber 16 is connected to the excitation 
light source 12. The fluorescent light fiber 18 is provided 
with an incident end face on which the fluorescent light is 
incident and an emitting end face from which the fluorescent 
light is emitted. An emitting end 18a of the fluorescent light 
fiber 18 is connected to the detector 14. 

FIGS. 2A and 2B show the structure of the probe 30. FIG. 
2A is a sectional view of the probe 30 and FIG. 2B is a front 
view of the probe 30. As shown in FIGS. 2A and 2B, the 
probe 30 is comprised of an emitting end 16b of the 
excitation light fiber 16, an incident end 18b of the fluores 
cent light fiber 18, a retention member 20, an excitation light 
selection filter 22, and a fluorescent light selection filter 24. 
The retention member 20 retains the emitting end 16b of 

the excitation light fiber 16 and the incident end 18b of the 
fluorescent light fiber 18 such that the emitting end face 16c 
of the excitation light fiber 16 and the incident end face 18c 
of the fluorescent light fiber 18 are located at close prox 
imity. The retention member 20 is a cylindrical member or 
a polygonal column member. The retention member 20 has 
two through holes extending from an object end face 20a to 
the other end face 20b opposite to the object end face 20a or 
one through hole capable of accommodating the excitation 
light fiber and the fluorescent light fiber at the same time. 
The emitting end 16b of the excitation light fiber 16 is 
inserted into one of the through holes and retained therein. 
The incident end 18b of the fluorescent light fiber 18 is 
inserted into the other through hole and retained therein. 
The retention member 20 may retain the emitting end 16b 

of the excitation light fiber 16 and the incident end 18b of the 
fluorescent light fiber 18 such that the emitting end face 16c 
of the excitation light fiber 16 and the incident end face 18c 
of the fluorescent light fiber 18 are flush. The retention 
member 20 may also be configured to ensure that the 
emitting end face 16c of the excitation light fiber 16, the 
incident end face 18c of the fluorescent light fiber 18, and the 
object end face 20a of the retention member 20 are flush. 
The excitation light selection filter 22 is a filter configured 

to selectively transmit the excitation light. The excitation 
light selection filter 22 has a shape of a cylinder or a 
polygonal column. The excitation light selection filter 22 is 
provided on the object end face 20a of the retention member 
20 so as to be in contact with the emitting end face 16c of 
the excitation light fiber 16. 
The fluorescent light selection filter 24 is a filter config 

ured to selectively transmit the fluorescent light produced by 
the test object 50. The fluorescent light selection filter 24 has 
a shape of a cylinder or a polygonal column. The fluorescent 
light selection filter 24 is provided on the object end face 20a 
of the retention member 20 so as to be in contact with the 
incident end face 18c of the fluorescent light fiber 18. The 
excitation light selection filter 22 and the fluorescent light 
selection filter 24 are provided adjacent to each other. 
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The shape and area of the surface of contact of the 
excitation light selection filter 22 and the fluorescent light 
selection filter 24 are defined to cover the entirety of the 
emitting end face 16c and the incident end face 18c, respec 
tively. Since the excitation light selection filter 22 and the 
fluorescent light selection filter 24 are expensive, it is most 
economical to ensure that the contact Surface of the excita 
tion light selection filter 22 has the same shape and area as 
the fiber core on the emitting end face 16c and that the 
contact surface of the fluorescent light selection filter 24 has 
the same shape and area as the fiber core at the incident end 
face 18C. However, this would require highly precise mount 
ing. It is therefore practical to ensure that the areas of the 
contact surface of the excitation light selection filter 22 and 
the fluorescent light selection filter 24 are several times (e.g., 
two to ten times) the areas of the emitting end face 16c and 
the incident end face 18c, respectively. 

Referring back to FIG. 1, a description will be given of the 
operation of the fluorescent light detection device 10. The 
excitation light emitted by the excitation light source 12 is 
incident into the excitation light fiber 16 from the incident 
end face of the excitation light fiber 16. The excitation light 
propagated through the excitation light fiber 16 is emitted 
from the emitting end face 16c. The excitation light emitted 
from the emitting end face 16c is incident on the excitation 
light selection filter 22 and is emitted from the object surface 
via the excitation light selection filter 22. The excitation 
light emitted from the excitation light selection filter 22 
irradiates the test object 50 directly or via the object lens 26. 
The fluorescent light produced by the test object 50 

irradiated with the excitation light is incident on the fluo 
rescent light selection filter 24 at the object surface directly 
or via the object lens 26 and is emitted from the contact 
surface via the fluorescent light selection filter 24. The light 
emitted from the surface of contact of the fluorescent light 
selection filter 24 is incident on the fluorescent light fiber 18 
via the incident end face 18c. The fluorescent light propa 
gated through the fluorescent light fiber 18 is received by the 
detector 14 and converted into an electrical signal. The state 
of the test object 50 can be measured by analyzing the 
electrical signal. 

It is favorable that the test object 50 is located in an area 
in which a beam of excitation light (indicated by L1 in FIG. 
1) overlaps a range in which the fluorescent light can be 
received (referred to as fluorescent light receivable range 
and indicated by L2 in FIG. 1). Defining the end face of the 
fluorescent light fiber 18 facing the lens as a virtual light 
emitting end, the fluorescent light receivable range will be a 
range of a beam emitted from the virtual light emitting end 
with a fiber NA. FIG. 1 shows an area in which the beam of 
excitation light and the fluorescent light receivable range 
overlap as “C.”. If the test object 50 is located in an area 
further away from C. (indicated by “B” in FIG. 1), the beam 
of excitation light and the fluorescent light receivable range 
do not overlap so that the fluorescent light cannot be suitably 
detected. This is because the focusing point of the excitation 
light and the virtual point of fluorescent light emission 
(corresponding to the image point focused by the object lens 
facing the end face of the fluorescent light fiber 18 facing the 
lens) are not aligned. 
The irradiating light from the excitation light fiber 16 

includes light of wavelengths outside the wavelength band 
suitable for excitation of the test object 50. According to the 
embodiment, the excitation light selection filter 22 is placed 
in contact with the emitting end face 16c of the excitation 
light fiber 16. It is therefore ensured that only the light 
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6 
transmitted from the excitation light selection filter 22 (i.e., 
the excitation light) irradiates the test object. 
The light traveling toward the probe 30 from the test 

object 50 includes reflected light and scattering light from 
the excitation light and Scattering light, in addition to the 
fluorescent light produced by the test object 50. The 
reflected light and scattering light from the excitation light 
and the scattering light produce noise in fluorescence detec 
tion in the detector 14. According to the embodiment, the 
fluorescent light selection filter 24 is placed in contact with 
the incident end face 18c of the fluorescent light fiber 18. It 
is therefore ensured that only the light transmitted through 
the fluorescent light selection filter 24 (i.e., the fluorescent 
light) is incident on the fluorescent light fiber 18. As a result, 
noise level in fluorescence detection in the detector 14 is 
reduced so that the fluorescent light is suitably detected. 
The probe 30 of the fluorescent light detection device 10 

according to the embodiment can be configured merely by 
mounting the excitation light selection filter 22 and the 
fluorescent light selection filter 24 so as to be in contact with 
the emitting end face 16c of the excitation light fiber 16 and 
the incident end face 18c of the fluorescent light fiber 18, 
respectively such that the excitation light fiber 16 and the 
fluorescent light fiber 18 are retained by the retention 
member 20. No works that require high level of precision 
(e.g., optical axis alignment) are required. Further, the 
optical multiplexer/demultiplexer as used in the teaching of 
patent document 1 described above is not necessary So that 
an inexpensive fluorescent light detection device 10 can be 
produced. 

In the fluorescent light detection device 10 according to 
the embodiment, the excitation light selection filter 22 and 
the fluorescent light selection filter 24 are provided in 
contact with the emitting end face 16c of the excitation light 
fiber 16 and the incident end face 18c of the fluorescent light 
fiber 18, respectively. Hypothetically, the excitation light 
selection filter and the fluorescent light selection filter could 
be provided on the incident end face of the excitation light 
fiber 16 and the emitting end face of the fluorescent light 
fiber 18, respectively. 

If the excitation light selection filter is provided between 
the incident end face of the excitation light fiber 16 and the 
light-emitting element of the excitation light source 12, the 
optical distance between the light-emitting element and the 
incident end face of the excitation light fiber 16 will be 
increased. This would require an additional lens for ensuring 
that the light from the light-emitting element is incident on 
the excitation light fiber 16 efficiently and would require 
additional cost. The optical distance between the fiber end 
face and the light-emitting element will be reduced by using 
a thin excitation light selection filter. This would, however, 
cause a different problem in that the filter may be warped. To 
provide the excitation light selection filter between the 
incident end face of the excitation light fiber 16 and the 
light-emitting element of the excitation light source 12, a 
dedicated excitation light source should be manufactured. 
Again, this would increase the cost. Further, in the case that 
the excitation light selection filter is provided at the incident 
end face of the excitation light fiber 16, the area of the 
excitation light selection filter tends to be increased. Since 
the excitation light selection filter becomes expensive, the 
impact on the cost is increased if the area is increased. The 
constituting elements related to the excitation light are 
discussed above. A similar discussion can be applied to the 
constituting elements related to the fluorescent light. 

Since the fluorescent light detection device 10 according 
to the embodiment is configured such that the excitation 
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light selection filter 22 and the fluorescent light selection 
filter 24 are provided on the emitting end face 16c of the 
excitation light fiber 16 and the incident end face 18c of the 
fluorescent light fiber 18, respectively, the aforementioned 
problem is not caused so that an inexpensive fluorescent 
light detection device 10 can be produced. In other words, 
since the excitation light selection filter and the fluorescent 
light selection filter are not provided on the incident end face 
of the excitation light fiber 16 and the emitting end face of 
the fluorescent light fiber 18, respectively, there is no need 
to provide an additional lens between the light-emitting 
element of the excitation light source 12 and the incident end 
16a of the excitation light fiber 16 or between the light 
receiving element of the detector 14 and the emitting end 
18a of the fluorescent light fiber 18. In this embodiment, the 
excitation light source 12 and detector 14 that are inexpen 
sive and commonly available can be used. According to the 
embodiment, the area of the excitation light selection filter 
22 and the fluorescent light selection filter 24 is prevented 
from being increased so that the cost of the excitation light 
selection filter 22 and the fluorescent light selection filter 24 
is prevented from being increased. 
The type of the excitation light fiber 16 and the fluorescent 

light fiber 18 of the fluorescent light detection device 10 
according to the embodiment is non-limiting. For example, 
a glass optical fiber, a quartz optical fiber, or a plastic optical 
fiber may be used. That an inexpensive plastic optical fiber 
can be used is a great advantage of the fluorescent light 
detection device 10 according to the embodiment. Charac 
teristically, a plastic optical fiber produces fluorescent light 
from the fiber itself in the presence of excitation light due to 
its material characteristics. If a plastic optical fiber is used as 
an excitation light fiber in the absence of the excitation light 
selection filter on the emitting end face of the excitation light 
fiber, unlike the embodiment, and if the fluorescent light 
generated in the excitation light fiber irradiates the test 
object along with the excitation light, the fluorescent light 
may be incident on the fluorescent light fiber and detected by 
the detector. This may detract from the accuracy of analyZ 
ing fluorescent light. By way of contrast, even if a plastic 
optical fiber is used as the excitation light fiber 16 in the 
fluorescent light detection device 10 according to the 
embodiment, the fluorescent light generated in the excitation 
light fiber 16 is properly removed by the excitation light 
selection filter 22 placed in contact with the emitting end 
face 16c of the excitation light fiber 16. Therefore, a plastic 
optical fiber can be used in the embodiment without dete 
riorating the accuracy of analyzing fluorescent light. There 
fore, an inexpensive fluorescent light detection device 10 
can be produced. 

FIG.3 shows the structure of the excitation light selection 
filter 22 and the fluorescent light selection filter 24 in further 
detail. The excitation light selection filter 22 is comprised of 
a first transparent base 22a, a first dielectric multilayer film 
22b formed on one of the surfaces of the first transparent 
base 22a, and a first antireflection film 22c formed on the 
other surface of the first transparent base 22a. The first 
dielectric multilayer film 22b is configured to selectively 
transmit the excitation light. The fluorescent light selection 
filter 24 is comprised of a second transparent base 24a, a 
second dielectric multilayer film 24b formed on one of the 
Surfaces of the second transparent base 24a, and a second 
antireflection film 24c formed on the other surface of the 
second transparent base 24a. The second dielectric multi 
layer film 24b is configured to selectively transmit the 
fluorescent light. 
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8 
As shown in FIG. 3, the excitation light selection filter 22 

according to the embodiment is configured such that the first 
dielectric multilayer film 22b is provided in contact with the 
emitting end face 16c of the excitation light fiber 16. This 
allows the light emitted from the emitting end face 16c of the 
excitation light fiber 16 to immediately pass through the first 
dielectric multilayer film 22b so that the light outside the 
desired band is effectively removed. 
The fluorescent light selection filter 24 is configured such 

that the second dielectric multilayer film 24b is provided in 
contact with the incident end face 18c of the fluorescent light 
fiber 18. This allows most of the light incident on the 
incident end face 18c of the fluorescent light fiber 18 to pass 
through the second dielectric multilayer film 24b so that the 
light outside the desired band is effectively removed. 
The first antireflection film 22c provided on the other 

surface of the first transparent base 22a prevents surface 
reflection of the excitation light on the other surface. The 
first antireflection film 22c reduces the reflection light 
returning in the direction of the excitation light fiber 16 and 
so can increase the amount of excitation light irradiating the 
test object. 
The second antireflection film 24c provided on the other 

Surface of the second transparent base 24a prevents surface 
reflection of the fluorescent light on the other surface. The 
second antireflection film 24c reduces the reflection light 
returning in the direction of the test object 50 and so can 
increase the amount of fluorescent light detected. 
As shown in FIG. 3, a light absorbing light shielding 

member 28 may be provided between the excitation light 
selection filter 22 and the fluorescent light selection filter 24. 
The light absorbing light shielding member 28 is provided in 
contact with the lateral surface of the first transparent base 
22a and the lateral Surface of the second transparent base 
24a. By providing the light absorbing light shielding mem 
ber 28, the stray light in the first transparent base 22a is 
prevented from entering the second transparent base 24a and 
the Stray light in the second transparent base 24a is pre 
vented from entering the first transparent base 22a. In other 
words, isolation characteristics between the excitation light 
selection filter 22 and the fluorescent light selection filter 24 
can be maintained. The light absorbing light shielding 
member 28 may be formed of resin such as black polyacetal 
resin that does not emit fluorescent light. 
The filters described above are being formed of a dielec 

tric multilayer film. Alternatively, a diffractive optical ele 
ment may be used to form the filters. In other words, the 
excitation light selection filter 22 and the fluorescent light 
selection filter 24 may be comprised of a transparent base 
and a diffractive optical element formed on one of the 
surfaces of transparent base. In this case, the diffractive 
optical element of the excitation light selection filter 22 is 
provided in contact with the emitting end face 16c of the 
excitation light fiber 16. The diffractive optical element of 
the fluorescent light selection filter 24 is provided in contact 
with the incident end face 18c of the fluorescent light fiber 
18. 

In this embodiment, the first transparent base 22a forming 
the base of the excitation light selection filter 22 and the 
second transparent base 24.a forming the base of the fluo 
rescent light selection filter 24 are desirably formed of a 
Substance that does not Substantially generate fluorescent 
light when irradiated with excitation light. Examples of such 
Substance include optical glass such as BK7, quartz, etc. 
A description will be given of exemplary embodiments. 

FIG. 4 shows the first exemplary embodiment of the present 
invention. In the first exemplary embodiment, a graded 
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index rod lens is used as the object lens 26. The object lens 
26 is fixed by a cylindrical fixing member 32 to the retention 
member 20 so as to face the excitation light selection filter 
22 and the fluorescent light selection filter 24. 
The type and characteristics of the constituting elements 

used in the first exemplary embodiment are listed below. 
Excitation light source: LED, main wavelength 1=470 

Excitation light fiber: quartz light fiber, SI200/250 
(NA=0.3), core diameter=0.2 mm 

Retention member: capillary, outer diameter=1.8 mm, two 
parallel holes 

Excitation light selection filter: bandpass filter, pass 
band=455 nm to 480 nm. 

Lens: graded index rod lens 
Fluorescent light fiber: quartz light fiber, SI200/250 

(NA=0.3), core diameter=0.2 mm 
Fluorescent light selection filter: bandpass filter, pass 

band=515 nm between 540 nm, both inclusive 
Detector: photoelectric conversion device (PD) 
Core-to-core distance between the excitation light fiber 

and the fluorescent light fiber 0.25 mm 
The fluorescent light from the sample is measured using 

the fluorescent light detection device according to the first 
exemplary embodiment. A fluorescent isothiocyanate 
(FITC) water solution is used as a sample that emits fluo 
rescent light. The concentration of the FITC water solution 
used are 1, 10, 100, 300, 1000 nmol/L (nanomol/liter. The 
main wavelength 2 of the fluorescent light emitted by the 
FITC is 520 nm. A sample 36 is placed in a quartz cell 34 
of 10 mmx10 mm. As shown in FIG. 4, the end face of the 
probe 30 (i.e., the end face of the object lens 26) is arranged 
to abut the lateral surface of the quartz cell 34 and a value 
obtained by converting the electrical signal (electric current) 
output from the detector into a Voltage via an amplifier is 
measured. A description will now be given of measurement 
results. 

FIG. 5 shows measurement results showing the relation 
ship between the concentration of the FITC water solution 
and the detection signal intensity obtained by the fluorescent 
light device according to the first exemplary embodiment. 
FIG. 5 demonstrates that the fluorescent light detection 
device according to the first exemplary embodiment main 
tains output linearity so that measurement of fluorescent 
light is possible. 

FIG. 6 shows measurement results showing the relation 
ship between a distance X from the end face of the probe to 
the Surface of the measurement sample and the detection 
signal intensity obtained by the fluorescent light detection 
device according to the first exemplary embodiment. FIG. 7 
shows a measurement system by which the relationship 
shown in FIG. 6 is determined. In this measurement, a resin 
base is used as the sample 36 by which a fluorescent signal 
intensity Substantially equal to the fluorescent signal inten 
sity produced when the concentration of a “1000 nmol/L’ 
FITC solution is measured. In this measurement, the thick 
ness of the sample 36 is 1 mm. In this measurement system, 
the probe 30 focuses the excitation light. As shown in FIG. 
7, the intensity of fluorescent light is detected while varying 
the distance X between the end face of the probe 30 and the 
Surface of the measurement sample, and the measurement 
results shown in FIG. 6 are obtained. The measurement 
results of FIG. 6 demonstrate that fluorescent light can be 
measured by the measurement system shown in FIG. 7 and 
that the fluorescent light detection signal intensity depends 
on the distance X. 
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10 
As described above with reference to FIG. 1, it is favor 

able that the test object is located in an area C. in which a 
beam of excitation light overlaps a fluorescent light receiv 
able range and that fluorescent light cannot be suitably 
detected in an area B further away from the area C. FIG. 6 
shows that the signal intensity exhibits the maximum value 
at a position at which the intensity of excitation light 
irradiating the sample, the size, position, etc. of the spot of 
the focused beam, and the position of the sample are 
optimized. The figure also shows that displacement between 
the beam of excitation light and the fluorescent light receiv 
able range occurs and the detection signal intensity drops 
radically as the distance X is increased. 

FIG. 8 shows the fluorescent light detection device 
according to the second exemplary embodiment. In the 
second exemplary embodiment, the probe 30 does not focus 
the excitation light. Instead, the probe 30 projects the 
excitation light to infinity. FIG. 9 shows measurement 
results showing the relationship between a distance X from 
the end face of the probe and the surface of the measurement 
sample and the detection signal intensity obtained by the 
fluorescent light detection device according to the second 
exemplary embodiment. FIG.9 demonstrate that fluorescent 
light can be measured by the measurement system shown 
according to the second exemplary embodiment. The fluo 
rescent light detection device according to the second 
embodiment has an advantage in that redundancy is secured 
as regards the distance X from the end face of the object lens 
26. 

FIG. 10 shows the third exemplary embodiment of the 
present invention. The third exemplary embodiment differs 
from the first exemplary embodiment in that the object lens 
26 is omitted. 
The type and characteristics of the constituting elements 

used in the first exemplary embodiment are listed below. 
Excitation light source: LED, main wavelength v1=470 

Excitation light fiber: quartz light fiber, SI200/250 
(NA=0.3), core diameter 0.2 mm 

Retention member: capillary, outer diameter=1.8 mm, two 
parallel holes 

Excitation light selection filter: bandpass filter, pass 
band=455 nm between 480 nm, both inclusive 

Fluorescent light fiber: quartz light fiber, SI200/250 
(NA=0.3), core diameter 0.2 mm 

Fluorescent light selection filter: bandpass filter, pass 
band=515 nm between 540 nm, both inclusive 

Detector: photoelectric conversion device (PD) 
Core-to-core distance between the excitation light fiber 

and the fluorescent light fiber=0.25 mm 
The fluorescent light from the sample is measured using 

the fluorescent light detection device according to the third 
exemplary embodiment described above. A fluorescent iso 
thiocyanate (FITC) water solution is used as a sample that 
emits fluorescent light. The concentration of the FITC water 
solution used are 1, 10, 100, 300, 1000 nmol/L (nanomol/ 
liter). The main wavelength 2 of the fluorescent light 
emitted by the FITC is 520 nm. A sample 36 is placed in a 
quartz cell 34 of 10 mmx10 mm. As shown in FIG. 10, the 
end face of the probe 30 (i.e., the end faces of the excitation 
light selection filter 22 and the fluorescent light selection 
filter 24) are arranged to abut the lateral surface of the quartz 
cell 34 and a value obtained by converting the electrical 
signal (electric current) output from the detector into a 
Voltage via an amplifier is measured. A description will now 
be given of measurement results. 
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FIG. 11 shows measurement results showing the relation 
ship between the concentration of the FITC water solution 
and the detection signal intensity obtained by the fluorescent 
light device according to the third exemplary embodiment. 
FIG. 11 demonstrates that the fluorescent light detection 
device according to the third maintains output linearity so 
that measurement of fluorescent light is possible. 

FIG. 12 shows measurement results showing the relation 
ship between a distance X from the end face of the probe to 
the Surface of the measurement sample and the detection 
signal intensity obtained by the fluorescent light detection 
device according to the third exemplary embodiment. FIG. 
13 shows a measurement system by which the relationship 
shown in FIG. 12 is determined. In this measurement, a resin 
base is used as the sample 36 by which a fluorescent signal 
intensity Substantially equal to the fluorescent signal inten 
sity produced when the concentration of a “1000 nmol/L’ 
FITC solution is measured. In this measurement, the thick 
ness of the sample 36 is 1 mm. FIG. 12 demonstrate that 
fluorescent light can be measured by the measurement 
system shown according to the third exemplary embodi 
ment. 

FIGS. 14A and 14B show a fluorescent light detection 
device according to the first alternative embodiment of the 
present invention. FIG. 14A is a sectional view of the probe 
30, and FIG. 14b is a front view of the probe 30. The 
fluorescent light detection device 10 according to the first 
alternative embodiment covers a plurality of wavelengths. 
The fluorescent light detection device is provided with first 
and second excitation light sources (not shown), first and 
second detectors (not shown), a first excitation light fiber 
16(1), a second excitation light fiber 16(2), a first fluorescent 
light fiber 18(1), a second fluorescent light fiber 18(2), a 
retention member 20 for supporting the ends of the fibers, a 
first excitation light selection filter 22(1) provided in contact 
with the emitting end face of the first excitation light fiber 
16(1), a second excitation light selection filter 22(2) pro 
vided in contact with the emitting end face of the second 
excitation light fiber 16(2), a first fluorescent light selection 
filter 24(1) provided in contact with the incident end face of 
the first fluorescent light fiber 18(1), and a second fluores 
cent light selection filter 24(2) provided in contact with the 
incident end face of the second fluorescent light fiber 18(2). 
The configuration according to the first alternative embodi 
ment that covers a plurality of wavelengths can also be used 
to produce an inexpensive fluorescent light detection device. 

FIG. 15 shows a fluorescent light detection device accord 
ing to the second alternative embodiment of the present 
invention. Those constituting elements of the fluorescent 
light detection device 10 according to the second alternative 
embodiment that are identical to or corresponding to the 
elements of the fluorescent light detection device shown in 
FIG. 1 are denoted by the same reference numerals and 
associated descriptions will not be repeated. 

In the fluorescent light detection device 10 according to 
the second alternative embodiment, an excitation light col 
limating lens 23 and a fluorescent light collimating lens 25 
corresponding to the beams of excitation light and fluores 
cent light, respectively, and provided to ensure that the beam 
of excitation light does not overlap the fluorescent light 
receivable range are provided between the object lens 26 and 
the excitation light selection filter 22 and between the object 
lens 26 and the fluorescent light selection filter 24, respec 
tively. In other words, the device is configured such that the 
end face of the excitation light fiber 16 and the concentrating 
point of the excitation light, and the point of fluorescent light 
emission and the end face of the fluorescent light fiber 18 are 
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both finite conjugate relationship. The excitation light con 
centrating point and the fluorescent light emission point are 
Substantially identical. By configuring the device as 
described above, the excitation light concentrates on the test 
object 50 located at a predetermined position in front of the 
object lens 26 and the fluorescent light emitted from the area 
can be efficiently guided to the fluorescent light fiber 18. 
By configuring the device as described in the second 

alternative embodiment, concentration of the optical power 
on the test object 50 or the sample is enhanced, promoting 
emission of a larger amount of fluorescent light. 
One of the problems in fluorescent light detectors and 

optical systems used therein is to reduce noise. One of the 
causes for noise is a phenomenon in which a fluorescent 
light detection optical system such as a fiber receives 
unexpected fluorescent light in an optical path of the exci 
tation light. By configuring the optical system of the fluo 
rescent light detection device 10 according to the second 
alternative embodiment such that the beam of excitation 
light and the fluorescent light receivable range do not 
overlap, the phenomenon in which unexpected fluorescent 
light is incident into the fluorescent light fiber is avoided so 
that the noise is reduced. 

Described above is an explanation based on an exemplary 
embodiment. The embodiment is intended to be illustrative 
only and it will be obvious to those skilled in the art that 
various modifications to constituting elements and processes 
could be developed and that such modifications are also 
within the scope of the present invention. 

What is claimed is: 
1. A fluorescent light detection device comprising: 
an excitation light source configured to emit excitation 

light; 
an excitation light fiber provided with an incident end face 

on which the excitation light from the excitation light 
Source is incident and an emitting end face from which 
the excitation light is emitted; 

a fluorescent light fiber provided with an incident end face 
on which fluorescent light is incident and an emitting 
end face from which the fluorescent light is emitted; 

a detector configured to receive the fluorescent light 
emitted from the emitting end face of the fluorescent 
light fiber; 

a retention member configured to retain the excitation 
light fiber and the fluorescent light fiber so that the 
emitting end face of the excitation light fiber and the 
incident end face of the fluorescent light fiber are 
located at close proximity; 

an excitation light selection filter provided in contact with 
the emitting end face of the excitation light fiber; 

a fluorescent light selection filter provided in contact with 
the incident end face of the fluorescent light fiber, and 

a light absorbing light shielding member provided 
between the excitation light selection filter and the 
fluorescent light selection filter, 

wherein the excitation light emitted from the emitting end 
face of the excitation light fiber irradiates a test object 
via the excitation light selection filter and the fluores 
cent light produced by the test object irradiated with the 
excitation light is incident on the incident end face of 
the fluorescent light fiber via the fluorescent light 
selection filter, 

wherein each of the excitation light selection filter and the 
fluorescent light selection filter is provided with a 
transparent base and a dielectric multilayer film formed 
on one of the Surfaces of the transparent base, 
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wherein the dielectric multilayer film of the excitation 
light selection filter is provided in contact with the 
emitting end face of the excitation light fiber, 

wherein the dielectric multilayer film of the fluorescent 
light selection filter is provided in contact with the 5 
incident end face of the fluorescent light filter, and 

wherein the light absorbing light shielding member is 
provided on a lateral Surface of the transparent base. 

2. The fluorescent light detection device according to 
claim 1, wherein 10 

each of the excitation light selection filter and the fluo 
rescent light selection filter is further provided with a 
antireflection film formed on the other surface of the 
transparent base. 

3. The fluorescent light detection device according to 15 
claim 1, wherein 

the excitation light fiber and/or the fluorescent light fiber 
is a plastic fiber. 

4. The fluorescent light detection device according to 
claim 1, wherein 2O 

an area of a contact Surface of the excitation light selec 
tion filter is 2-10 times an area of the emitting end face 
of the excitation light fiber, and 

an area of a contact Surface of the fluorescent light 
selection filter is 2-10 times an area of the incident end 25 
face of the fluorescent light fiber. 

5. The fluorescent light detection device according to 
claim 1, wherein 

a beam of excitation light overlaps a fluorescent light 
receivable range. 30 

k k k k k 


